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DEVWUDFW
Lq wklv sdshu zh ghyhors d prgho lq zklfk d frxqwu| idfhv d edodqfh ri sd|phqwv fulvlv li frqvwudlqwv
rq lwv lqwhuqdwlrqdo eruurzlqj elqg1 Zh xvh wkh prgho wr ghvfuleh wkh g|qdplfv ri wkh wudgh edo0
dqfh/ fdslwdo dffrxqw/ dqg edodqfh ri sd|phqwv ri d frxqwu| wkdw eruurzv wr ￿qdqfh frqvxpswlrq
iroorzlqj vzhhslqj pdfurhfrqrplf dqg vwuxfwxudo uhirupv dqg wkhq klwv frqvwudlqwv rq lwv lqwhuqd0
wlrqdo eruurzlqj1 Zh frpsduh wkh suhglfwlrqv ri wklv wkhruhwlfdo h{dpsoh zlwk hyhqwv lq Ph{lfr
iurp 4<;: wkurxjk 4<<81
￿Wkh ylhzv h{suhvvhg khuhlq duh wkrvh ri wkh dxwkruv dqg qrw qhfhvvdulo| wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri
Plqqhdsrolv ru wkh Ihghudo Uhvhuyh V|vwhp141 Lqwurgxfwlrq
Lq wklv sdshu zh h{dplqh wkh frqvwudlqwv sodfhg rq d jryhuqphqw*v h{fkdqjh0udwh dqg edodqfh
ri sd|phqwv srolflhv lq dq hfrqrp| lq zklfk lqwhuqdwlrqdo fdslwdo lq rzv duh olplwhg1 Lq wkh
frqwh{w ri d vlpsoh wkhruhwlfdo h{dpsoh/ zh ghvfuleh wkh suhvvxuhv rq d frxqwu|*v fhqwudo edqn
wr vhoo lwv iruhljq h{fkdqjh uhvhuyhv zkhq wkdw frxqwu| uhdfkhv lwv lqwhuqdwlrqdo eruurzlqj
frqvwudlqw1 Zh wkhq xvh wklv h{dpsoh wr vwxg| hyhqwv vxuurxqglqj wkh ghflvlrq ri wkh Edqfr
gh Ph{lfr/ gxulqj wkh odvw 43 prqwkv ri 4<<7/ wr vhoo urxjko| '4< eloolrq ri lwv iruhljq h{fkdqjh
uhvhuyhv1￿ Zh rhu wklv prgho dv dq dowhuqdwlyh wr rwkhu dffrxqwv ri wkh irufhv xqghuo|lqj
wkh ghflvlrq e| wkh Edqfr gh Ph{lfr wr vhoo lwv uhvhuyhv/ vxfk dv wkrvh rhuhg lq Gruqexvfk
dqg Zhuqhu +4<<7,/ wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg +LPI, +4<<8e,/ Revwihog dqg Urjr
+4<<8,/ dqg Uhehor dqg Yìjk +4<<8,1
Wkh vfhqdulr ghyhorshg lq rxu prgho lv dv iroorzv1 Frqvlghu d frxqwu| zkrvh uhvlghqwv
dqg jryhuqphqw/ jlyhq zruog lqwhuhvw udwhv dqg wkh suhydlolqj h{fkdqjh udwh/ zlvk wr vshqg
lq h{fhvv ri qdwlrqdo lqfrph1 Lpdjlqh wkdw vxfk vshqglqj dqg wkh dffrpsdq|lqj wudgh ghflw
frqwlqxh xqwlo d frqvwudlqw rq lqwhuqdwlrqdo eruurzlqj lv uhdfkhg12 Zkhq wklv eruurzlqj
frqvwudlqw lv uhdfkhg/ wkh  rz ri iruhljq fdslwdo lqwr wkh frxqwu| vwrsv dqg/ dw wklv srlqw/ wkh
vdoh ri wkh fhqwudo edqn*v vwrfn ri iruhljq h{fkdqjh uhvhuyhv lv wkh rqo| uhpdlqlqj phdqv e|
zklfk wkh frxqwu| fdq qdqfh frqwlqxhg wudgh ghflwv1 Wkxv wkh fhqwudo edqn orvhv uhvhuyhv
dv orqj dv wkh frxqwu| uxqv d wudgh ghflw1 Iru wkh wudgh ghflw wr vwrs/ hlwkhu sulydwh
h{shqglwxuh pxvw eh uhgxfhg ru fxuuhqw jryhuqphqw h{shqglwxuh pxvw eh fxw1
Iurp wkh fhqwudo edqn*v shuvshfwlyh/ elqglqj frqvwudlqwv rq uhvlghqwv* iruhljq eruurz0
lqj dsshdu dv d gurs lq uhvlghqwv* ghpdqg iru wkhlu jryhuqphqw*v ghew1 Wklv gurs lq ghpdqg
fdq eh dffrpprgdwhg whpsrudulo| li wkh fhqwudo edqn vhoov lwv iruhljq h{fkdqjh uhvhuyhv dqg
ex|v jryhuqphqw ghew> e| grlqj vr wkh edqn eulgjhv wkh jds ehwzhhq wkh rxwvwdqglqj vwrfn
ri sxeolf ghew dqg uhvlghqwv* ghfolqlqj ghpdqg iru wkdw ghew dw zruog lqwhuhvw udwhv dqg wkh
{hg h{fkdqjh udwh1 Wklv h{sdqvlrq ri grphvwlf fuhglw vwrsv zkhq wkh fhqwudo edqn ehfrphv
xqzloolqj wr vhoo lwv uhpdlqlqj uhvhuyhv ru h{kdxvwv lwv dffhvv wr iruhljq eruurzlqj wr uhsohqlvk
wkrvh uhvhuyhv1
Rxu prgho lv eurdgo| frqvlvwhqw zlwk vhyhudo dvshfwv ri uhfhqw hyhqwv lq Ph{lfr1 Wkhvh
hyhqwv lqfoxgh wkh vxevwdqwldo lqfuhdvh lq sulydwh vshqglqj/ wudgh ghflwv/ dqg fdslwdo lq rzvehwzhhq 4<;; dqg 4<<7/ wkh vxgghq fhvvdwlrq ri wkh  rz ri sulydwh sruwirolr lqyhvwphqw lqwr
Ph{lfr diwhu wkh uvw txduwhu ri 4<<7/ wkh qdqflqj ri Ph{lfr*v wudgh ghflw iru wkh uhpdlqghu
ri 4<<7 e| wkh vdoh ri lqwhuqdwlrqdo uhvhuyhv/ wkh frqgxfw ri Ph{lfr*v prqhwdu| srolf| gxulqj
4<<7/ wkh vxevwdqwldo lqfuhdvh lq uhdo lqwhuhvw udwhv lq Ph{lfr dw wkh hqg ri 4<<7/ dqg wkh
gudpdwlf pryhphqw ri Ph{lfr*v wudgh edodqfh iurp ghflw wr vxusoxv hduo| lq 4<<81 Rxu
prgho grhv qrw dffrxqw iru wkh ghhs uhfhvvlrq Ph{lfr kdv h{shulhqfhg vlqfh lw ghydoxhg wkh
shvr dqg lv qrw frqvlvwhqw zlwk wkh vkdus gurs lq sulydwh frqvxpswlrq revhuyhg gxulqj wkdw
uhfhvvlrq1
Lq Vhfwlrqv 5 dqg 6 zh suhvhqw rxu prgho dqg fkdudfwhul}h htxloleuld zlwk {hg h{0
fkdqjh udwhv dqg lqwhuqdwlrqdo eruurzlqj frqvwudlqwv1 Lq Vhfwlrq 7 zh suhvhqw dq h{dpsoh
ri d eruurzlqj0frqvwudlqhg htxloleulxp1 Lq Vhfwlrq 8 zh suhvhqw gdwd iurp Ph{lfr/ frpsduh
wkhp zlwk rxu prgho/ dqg glvfxvv vhyhudo rwkhu lqwhusuhwdwlrqv ri wkh gdwd1 Lq Vhfwlrq 9 zh
frqfoxgh1
51 D Prgho
Rxuv lv d prgho ri d vpdoo rshq hfrqrp| lq glvfuhwh wlph1 Zh uhihu wr wkh sulydwh djhqwv lq
wklv hfrqrp| dv wkh flwl}hqv1 Lq dgglwlrq/ wkhuh lv d jryhuqphqw1 Zh uhihu wr wkh fxuuhqf|
x v h gl qw k hu h v wr iw k hz r u o gd vw k hgroodu1 Wkh sulfh ohyho lq grooduv lv {hg dqg qrupdol}hg
wr rqh1 Ohw ^W
|n￿ ' q eh wkh sulfh sdlg lq zruog fdslwdo pdunhwv lq grooduv dw wlph | iru d
rqh0groodu }hur0frxsrq erqg sd|deoh dw wlph | n 1O h w  W
| '
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| eh wkh sulfh lq
grooduv lq zruog fdslwdo pdunhwv dw wlph f iru rqh groodu sd|deoh dw |   Ohw  W
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w k hf l w l } h q vd q gw k hj r y h u q p h q wr iw k l vh f r q r p |w d n hw k h v hs u l f h vd vj l y h q 1W k hj r y h u q p h q w
lq wklv hfrqrp| fkrrvhv vhtxhqfhv ri h{shqglwxuh/ }|( wd{ udwhv/ |( erqgv lvvxhg wr grphvwlf
flwl}hqv/ K|n￿( erqgv lvvxhg wr iruhljqhuv/ _|n￿( iruhljq h{fkdqjh uhvhuyhv/ s|n￿( dqg grphvwlf
prqh|/ 6|n￿( zh wdnh lqlwldo vwrfnv ri jryhuqphqw ghew/ Kfc_ f> uhvhuyhv/ sf> dqg prqh|/ 6fc dv
jlyhq1 Zh dvvxph wkdw doo jryhuqphqw erqgv duh rqh0shulrg }hur0frxsrq erqgv ghqrplqdwhg
lq grooduv1 Ohw ^| eh wkh sulfh lq grooduv wkdw flwl}hqv sd| dw wlph | iru d rqh0groodu }hur0
frxsrq erqg lvvxhg e| wkhlu jryhuqphqw dqg sd|deoh dw wlph | n Ohw | '
T|3￿
r’f^r eh wkh
grphvwlf sulfh +lq grooduv, dw wlph f iru rqh groodu sd|deoh dw |   Ohw f ' Zh uhihu
wr wkh grphvwlf fxuuhqf| dv wkh shvr dqg ohw e| eh wkh qrplqdo h{fkdqjh udwh1 Zh dvvxph
5sxufkdvlqj srzhu sdulw| dqg zh qrupdol}h wkh uhdo h{fkdqjh udwh wr rqh vr wkdw wkh grphvwlf
sulfh ohyho lv jlyhq e| e
3￿
| 
Wkh flwl}hqv lq wklv hfrqrp| duh lqqlwho| olyhg dqg kdyh lghqwlfdo hqgrzphqwv dqg
suhihuhqfhv1 Wkh uhsuhvhqwdwlyh flwl}hq lv hqgrzhg zlwk rxwsxw/ i+|j
"
|’f ( dq lqlwldo vwrfn ri
iruhljq dvvhwv/ @f( dq lqlwldo vwrfn ri jryhuqphqw erqgv/ Kf( d q gd ql q l w l d op r q h |v w r f n /6 f
Wklv djhqw fkrrvhv d vhtxhqfh ri frqvxpswlrq/ S|( iruhljq dvvhw kroglqjv/ @|n￿( grphvwlf erqg
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Lq wkh odvw ri wkhvh frqvwudlqwv zh lpsrvh d wljkwhu frqvwudlqw rq iruhljq eruurzlqj e|
flwl}hqv wkdq lv lpsrvhg e| wkh lqwhuwhpsrudo exgjhw frqvwudlqw1 Zh lqwhusuhw wklv frqvwudlqw
dv dulvlqj iurp olplwv rq wkh h{whqw wr zklfk iruhljq fuhglwruv fdq hqirufh wkh uhsd|phqw ri
lqwhuqdwlrqdo ghewv1 Lq sduwlfxodu/ zh dvvxph wkdw iruhljq fuhglwruv fdq vhl}h rqo| d olplwhg
sruwlrq ri wkh hqgrzphqw ri d flwl}hq zkr grhv qrw sd| d ghew dqg wkdw wkh sruwlrq ri wkh
hqgrzphqw wkdw fdq eh vhl}hg kdv ydoxh 7 @ wr d iruhljq fuhglwru1
Wr idflolwdwh glvfxvvlrq ri rxu uhvxowv/ zh xvh wkh iroorzlqj whuplqrorj| wr glvwlqjxlvk
ehwzhhq wzr frpsrqhqwv ri jryhuqphqw srolf|1 Ilvfdo srolf| lv wkh vhtxhqfh ri h{shqglwxuh
dqg wd{ udwhv i}|c|j
"
|’f c dqg prqhwdu| srolf| lv wkh vhtxhqfh ri prqh|/ jryhuqphqw erqgv
ri hdfk w|sh/ dqg iruhljq h{fkdqjh uhvhuyhv i6|n￿cK |n￿c_ |n￿cs |n￿jc fkrvhq e| wkh jryhuqphqw
ri wklv hfrqrp|1 Wkh jryhuqphqw*v exgjhw frqvwudlqw lv jlyhq e|
^|K|n￿ n ^
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| E_|n￿  s|n￿'f 
6Vlqfh zh glvwlqjxlvk ehwzhhq wkh jryhuqphqw*v jurvv lqwhuqdwlrqdo eruurzlqj/ _|n￿c dqg lwv
jurvv lqwhuqdwlrqdo uhvhuyhv/ s|n￿c zh uhtxluh wkdw _|n￿cs |n￿  f1
Zh dovr lpsrvh d wljkwhu frqvwudlqw rq wkh jryhuqphqw*v lqwhuqdwlrqdo eruurzlqj/
_|n￿c wkdq zrxog eh lpsolhg e| wkh jryhuqphqw*v exgjhw frqvwudlqw1 Djdlq/ zh lqwhusuhw wklv
frqvwudlqw dv dulvlqj iurp wkh ulvn ri uhsxgldwlrq1 Vshflfdoo|/ zh dvvxph wkdw iruhljq ohqghuv
kdyh olplwhg vdqfwlrqv wkdw wkh| frxog lpsrvh rq wklv jryhuqphqw li lw zhuh wr ghidxow dqg
wkdw wkh wudqvihuv wklv jryhuqphqw zrxog eh zloolqj wr pdnh wr dyrlg wkhvh vdqfwlrqv kdyh
ydoxh 7 _ lq zruog fdslwdo pdunhwv1 Zh wkxv dvvxph wkdw iruhljq ohqghuv wr wklv jryhuqphqw
olplw wkhlu ohqglqj vr wkdw
_|n￿  7 _
Zh dvvxph wkdw iruhljq fuhglwruv fdqqrw vhl}h wklv jryhuqphqw*v iruhljq h{fkdqjh uhvhuyhv>
wkxv wklv olplw rq iruhljq eruurzlqj lv qrw dhfwhg e| wkh jryhuqphqw*v vwrfn ri uhvhuyhv1
Jlyhq wkh lqlwldo frqglwlrqv Kfc_ fc@ fc6 fcdqg sf dqg rxwsxw i+|jc dq htxloleulxp lv d
vfdo srolf|/ i}|c|j> d prqhwdu| srolf|/ i6|n￿cK |n￿c_ |n￿cs |n￿j( sulfhv/ i^|c^W
|ce |c |cW
|j(dqg
dq doorfdwlrq iru flwl}hqv/ iS|c@ |n￿jc wkdw vdwlvi| wkh jryhuqphqw*v exgjhw frqvwudlqw dqg wkh
jryhuqphqw*v iruhljq eruurzlqj frqvwudlqw dqg wkdw pd{lpl}h flwl}hqv* xwlolw| vxemhfw wr wkhlu
exgjhw frqvwudlqw/ wkhlu iruhljq eruurzlqj frqvwudlqw/ dqg wkhlu fdvk0lq0dgydqfh frqvwudlqw1
Zh glvwlqjxlvk ehwzhhq wzr sduwlfxodu w|shv ri htxloleuld1 Iluvw/ dq htxloleulxp zlwk
{hg h{fkdqjh udwhv lv dq htxloleulxp lq zklfk e| ' e Vhfrqg/ dq htxloleulxp zlwk {hg
h{fkdqjh udwhv dqg xqfrqvwudlqhg dffhvv wr lqwhuqdwlrqdo eruurzlqj lv dq htxloleulxp lq zklfk
e| ' e dqg ^| ' ^W
| iru doo | Lq wkh uvw fdvh/ zh doorz wkdw ^| 	^ W
| iru vrph gdwhv | Wklv
hyhqw fdq rffxu lq htxloleulxp li lqwhuqdwlrqdo eruurzlqj frqvwudlqwv duh elqglqj1
Dw wklv srlqw vhyhudo uhpdunv derxw rxu prgho duh lq rughu1 Zh dvvxph wkdw wkh
jryhuqphqw fdq lvvxh wzr fodvvhv ri erqgv/ rqh wr flwl}hqv dqg rqh wr iruhljqhuv1 Wklv glv0
wlqfwlrq ehfrphv lpsruwdqw lq wkh prgho li wkh frqvwudlqw rq lqwhuqdwlrqdo eruurzlqj elqgv
dqg li erqgv lvvxhg wr flwl}hqv sd| d kljkhu uhdo lqwhuhvw udwh wkdq lv dydlodeoh lq zruog fdslwdo
pdunhwv1 Iru prvw ghyhorslqj frxqwulhv/ gxulqj wkh 4<:3v dqg hduo| 4<;3v wkh ghew khog e|
iruhljqhuv zrxog w|slfdoo| kdyh ehhq ordqv iurp frpphufldo edqnv lq ghyhorshg frxqwulhv/
zkloh jryhuqphqw wuhdvxu| vhfxulwlhv zrxog kdyh ehhq khog grphvwlfdoo|1 Lq wklv fdvh fodvvhv
7ri fuhglwruv wr wkh jryhuqphqw duh hdvlo| glvwlqjxlvkhg1 Pruh uhfhqwo|/ lq wkh fdvh ri Ph{lfr/
iruhljq uhvlghqwv sxufkdvhg vxevwdqwldo txdqwlwlhv ri Ph{lfdq wuhdvxu| vhfxulwlhv> wklv pdgh
lw pruh gl!fxow wr glvwlqjxlvk wkh qdwlrqdolw| ri wkh jryhuqphqw*v fuhglwruv1 \hw gdwd iurp
wkh LPI +4<<8e/ s1 95, lqglfdwh wkdw e| Ghfhpehu 4<<7/ prvw ri wkh Fhwhv dqg Whvrerqrv
lq flufxodwlrq zhuh lq iruhljq kdqgv/ vxjjhvwlqj wkdw lw pd| qrw kdyh ehhq wkdw gl!fxow wr
glvwlqjxlvk grphvwlf iurp iruhljq kroghuv ri Ph{lfdq jryhuqphqw ghew1
Lq ghqlqj jryhuqphqw srolf|/ zh dvvxph wkdw wkh jryhuqphqw lvvxhv lwv ghew lq grooduv1
Vlqfh zh duh lqyhvwljdwlqj wkh frqvwudlqwv wkdw vfdo dqg prqhwdu| srolflhv pxvw vdwlvi| wr
eh frqvlvwhqw zlwk shupdqhqwo| {hg h{fkdqjh udwhv/ rxu uhvxowv zrxog qrw eh dhfwhg li zh
fkdqjhg wkh ghqrplqdwlrq ri wklv ghew1 Lw lv fohdu wkdw li zh zhuh wr prgho h{solflwo| wkh
jryhuqphqw*v lqfhqwlyhv wr ghydoxh ru wr ghidxow rq lwv ghew/ zh zrxog qhhg wr frqvlghu wkh
ghqrplqdwlrq ri wkh jryhuqphqw*v ghew pruh fduhixoo|1
Zh kdyh qrw h{solflwo| prghohg wkh jryhuqphqw*v prwlydwlrq wr uhsd| lwv ghewv1 Vhyhudo
dqvzhuv wr wkh txhvwlrq ri zk| jryhuqphqwv uhsd| wkhlu lqwhuqdwlrqdo ghewv kdyh ehhq h{soruhg
lq wkh olwhudwxuh rq vryhuhljq ohqglqj1￿ Rqh dqvzhu rhuhg lv wkdw jryhuqphqwv uhsd| wkhlu
fxuuhqw ghewv wr dyrlg ehlqj h{foxghg iurp dffhvv wr iruhljq eruurzlqj lq wkh ixwxuh1 Rwkhu
dqvzhuv irfxv rq wkh udqjh ri gluhfw vdqfwlrqv wkdw iruhljq fuhglwruv dqg wkhlu jryhuqphqwv
pljkw xvh wr lqgxfh d ghewru jryhuqphqw wr uhsd| lwv ghewv= lqydvlrq> lqwhuihuhqfh zlwk
wudgh/ wudgh fuhglw/ dqg lqwhuqdwlrqdo wudqvsruwdwlrq> ru ydulrxv w|shv ri glsorpdwlf suhvvxuh1
Lq erwk ri wkhvh h{sodqdwlrqv/ wkh pd{lpxp dprxqw wkdw iruhljq jryhuqphqwv fkrrvh wr uhsd|
lv wkh rxwfrph ri d edujdlq lq zklfk ghewruv dqg fuhglwruv djuhh rq wkh wudqvihuv wkh ghewru
pdnhv wr suhvhuyh ixwxuh dffhvv wr fuhglw ru wr dyrlg gluhfw vdqfwlrqv1 Iruhljq eruurzlqj lv
wkhq olplwhg vr dv qrw wr h{fhhg wkh pd{lpxp ydoxh ri wkhvh wudqvihuv1 Lq wklv sdshu/ zh gr
qrw prgho wkh udqjh ri prwlydwlrqv jryhuqphqw r!fldov pljkw kdyh iru uhsd|lqj vryhuhljq
ghewv> qru gr zh prgho krz wkhvh prwlydwlrqv pljkw glyhujh iurp flwl}hqv* prwlydwlrqv iru
sd|lqj wkh wd{hv uhtxluhg wr uhsd| wkrvh ghewv1 Lqvwhdg/ zh vlpso| dvvxph wkdw wkh pd{lpxp
wudqvihu wkdw wkh jryhuqphqw fdq eh lqgxfhg wr pdnh lv frqvwdqw dqg grhv qrw ghshqg rq wkh
vwrfn ri iruhljq h{fkdqjh uhvhuyhv1
Zh dovr dvvxph wkdw wkh frqvwudlqw rq flwl}hqv* iruhljq eruurzlqj grhv qrw ghshqg rq
dq| dfwlrqv wkdw flwl}hqv ru wkh jryhuqphqw pljkw wdnh1 Iru flwl}hqv/ wklv dvvxpswlrq iroorzv
8iurp rxu dvvxpswlrq wkdw wklv lv d ghwhuplqlvwlf hqgrzphqw hfrqrp|1 Vlqfh wkhuh duh qr
dvvhwv wkdw flwl}hqv pljkw xvh dv froodwhudo/ sulydwh fuhglwruv* rqo| uhfrxuvh lq wkh fdvh ri d
flwl}hq*v edqnuxswf| lv wr frqylqfh wkh grphvwlf frxuwv wr jduqlvk wkdw flwl}hq*v hqgrzphqw
vwuhdp1 Zh dvvxph wkdw wkh ydoxh +hydoxdwhg dw wkh zruog lqwhuhvw udwh, ri wkh hqgrzphqw
wkdw wkh grphvwlf frxuwv zloo jduqlvk lv frqvwdqw dqg lv ohvv wkdq wkh ydoxh ri wkh diwhu0wd{
hqgrzphqw vwuhdp lwvhoi1 Wkxv sulydwh ohqglqj wr flwl}hqv lv olplwhg1
61 Fkdudfwhul}dwlrq ri Htxloleuld
Lq wklv vhfwlrq zh fkdudfwhul}h wkh vfdo dqg prqhwdu| srolflhv wkdw duh frqvlvwhqw zlwk {hg
h{fkdqjh0udwh htxloleuld dqg htxloleuld zlwk {hg h{fkdqjh udwhv dqg xqfrqvwudlqhg dffhvv
wr lqwhuqdwlrqdo eruurzlqj1 Zh ehjlq zlwk d ohppd wkdw fkdudfwhul}hv wkh sdwk ri wkh wudgh
edodqfh lq htxloleulxp1











E _ fs f@ f 7 _n7 @ +4,
iru doo |
Surri= Vxewudfwlrq ri wkh flwl}hq*v exgjhw frqvwudlqw iurp wkh jryhuqphqw*v exgjhw




|E_|n￿  s|n￿  @|n￿'} |nS |+ |n_ |s |@ |
Lwhudwlrq rq wklv htxdwlrq jlyhv wkh htxdwlrq











E _ fs f@ f 
Wkh frqvwudlqwv _|n￿  7 _c s|n￿  fc dqg @|n￿  7 @jlyh wkh lqhtxdolw| +4,1
Wkh qh{w ohppd fkdudfwhul}hv flwl}hqv* frqvxpswlrq ehkdylru lq d {hg h{fkdqjh0udwh
uhjlph zlwk xqfrqvwudlqhg dffhvv wr iruhljq eruurzlqj1
Ohppd 5= Lq dq| htxloleulxp zlwk {hg h{fkdqjh udwhv dqg xqfrqvwudlqhg dffhvv wr
9iruhljq eruurzlqj/ frqvxpswlrq iS|j
"
|’￿ lv frqvwdqw iru |   dw 7 S Frqvxpswlrq dw gdwh fcS f
lv jlyhq e| 4?E7 Sce6f Wkh frqvwdqw 7 S lv wkh odujhvw frqvwdqw vxfk wkdw






| E+|  |n@ fnK fne6f  4?E7 Sce6f
$
 +5,
Vhljqrudjh iru wkh grphvwlf jryhuqphqw lv }hur dw doo gdwhv h{fhsw gdwh f Dw gdwh fc vhljqrudjh
lv jlyhq e| rf '7 Se6f￿
Surri= Lq wklv vpdoo rshq hfrqrp|/ xqghu d {hg h{fkdqjh udwh/ qrplqdo lqwhuhvw udwhv
duh htxdo wr zruog qrplqdo lqwhuhvw udwhv1 Wkhvh lqwhuhvw udwhv duh srvlwlyh/ vr wkh flwl}hq*v
fdvk0lq0dgydqfh frqvwudlqw lv elqglqj dw doo gdwhv |   Iurp wkh uvw0rughu frqglwlrqv ri
wkh flwl}hq*v xwlolw| pd{lpl}dwlrq sureohp/ zh jhw wkh uhvxow wkdw iS|j
"
|’f lv frqvwdqw zkhq
h{fkdqjh udwhv duh {hg +^| ' ^W ' q dqg zkhq wkh gdwh 3 fdvk0lq0dgydqfh frqvwudlqw lv qrw
elqglqj1 Lq wkh fdvh zkhuh wkh gdwh 3 fdvk0lq0dgydqfh frqvwudlqw zrxog eh ylrodwhg li Sf '7 Sc
wkh ydoxh ri Sf lv vhw vr wkdw wkh frqvwudlqw elqgv1 Vhljqrudjh dw gdwhv |   lv }hur/ vlqfh
frqvxpswlrq/ wkh h{fkdqjh udwh/ dqg prqh| kroglqjv duh frqvwdqw1 Vhljqrudjh dw gdwh f lv
htxdo wr wkh glhuhqfh ehwzhhq flwl}hqv* lqlwldo hqgrzphqw ri prqh| dqg wkh prqh| vwrfn
wkh| fkrrvh wr krog zkhq wkh| duh uvw rhuhg wkdw fkrlfh1
Zh qrz uhylhz wkh uhvxowv fkdudfwhul}lqj wkh frqvwudlqwv wkdw vfdo dqg prqhwdu|
srolf| pxvw vdwlvi| wr eh frqvlvwhqw zlwk {hg h{fkdqjh udwhv dqg xqfrqvwudlqhg dffhvv wr
iruhljq eruurzlqj1
Sursrvlwlrq= Jlyhq vfdo srolf| i}|c|j/l q f r p hi + | j cdqg wkh lqlwldo frqglwlrqv
@fcK fc_ fcs fcdqg 6fc ohw 7 S dqg Sf eh ghqhg dv lq ohppd 51 Wkhq wkhuh h{lvwv dq htxloleulxp
zlwk d prqhwdu| srolf| zlwk {hg h{fkdqjh udwhv dqg xqfrqvwudlqhg dffhvv wr lqwhuqdwlrqdo





| E|  }|  EKf n _f  sfnr f'f +6,











E S f7 Sn_ fs f@ f 7 _n7 @ +7,
iru doo |
Surri= Ehjlq zlwk wkh vhfrqg k|srwkhvlv1 Iurp ohppd 5/ lq dq| htxloleulxp lq zklfk
h{fkdqjh udwhv duh {hg dqg ^| ' ^W
| ' q iru doo |c sulydwh frqvxpswlrq S| lv frqvwdqw dw 7 S
iru doo |  c dqg wkh fdvk0lq0dgydqfh frqvwudlqwv duh elqglqj1 Khqfh wkh prqh| vxsso| lv
frqvwdqw iru |   dqg vhljqrudjh lv }hur lq doo shulrgv h{fhsw gdwh f1 Vhljqrudjh dw gdwh f lv
jlyhq e| rf '7 Se6f Wkxv htxdwlrq +6, iroorzv iurp wkh jryhuqphqw*v exgjhw frqvwudlqw1
Frqglwlrq +7, iroorzv iurp ohppdv 4 dqg 51
Wr suryh wkh uvw k|srwkhvlv/ frqvlghu i+|j> wkh lqlwldo frqglwlrqv 6fcK fc_ fcs fc dqg
@f( wkh vfdo srolf| i}|c|j
"
|’f> dqg wkh lqlwldo vhljqrudjh rf zklfk vdwlvi| +6, dqg +7,1 Zh
frqvwuxfw dq htxloleulxp zlwk {hg h{fkdqjh udwhv dv iroorzv1 Vhw 7 S dqg iS|j dv lq ohppd
41 Vhw i6|j
"
|’￿ frqvwdqw dw 7 S*e Vhw ^| ' ^W
| ' q Ohw i@|n￿j eh frqvwdqw dw 7 @1O h wi _ | n￿j
eh frqvwdqw dw 7 _ Xvh wkh flwl}hq*v exgjhw frqvwudlqw wr ghqh iK|n￿j Xvh wkh jryhuqphqw*v
exgjhw frqvwudlqw wr frqvwuxfw is|n￿j Vlqfh +7, lv vdwlvhg/ s|n￿  f iru doo | E| frqvwuxfwlrq/
*4|<"|E@|n￿ n K|n￿'f Vlqfh jryhuqphqw srolf| vdwlvhv +6,/ *4|<" |E_|n￿ n K|n￿ 
s|n￿'f 
Wkh sursrvlwlrq ghprqvwudwhv wkdw vfdo dqg prqhwdu| glvflsolqh duh qrw vx!flhqw wr
hqvxuh wkh yldelolw| ri d {hg h{fkdqjh udwh wrjhwkhu zlwk xqfrqvwudlqhg dffhvv wr iruhljq
eruurzlqj1 Li wudgh ghflwv jhw wrr odujh/ wkhq lqwhuqdwlrqdo eruurzlqj frqvwudlqwv zloo elqg
dqg prqhwdu| dxwkrulwlhv zloo eh irufhg wr udlvh grphvwlf uhdo lqwhuhvw udwhv wr ghihqg wkhlu
vwrfn ri lqwhuqdwlrqdo uhvhuyhv/ hyhq li wkh vfdo/ prqhwdu|/ dqg {hg h{fkdqjh0udwh srolflhv
duh erwk frqvlvwhqw zlwk orqj0whup vfdo edodqfh dqg shuihfwo| fuhgleoh1
Wr frqwudvw rxu uhvxow zlwk h{lvwlqj uhvxowv/ lq wkh iroorzlqj fruroodu| zh fkdudfwhul}h
wkh frqvwudlqwv vfdo dqg prqhwdu| srolf| pxvw vdwlvi| wr eh frqvlvwhqw zlwk d {hg h{fkdqjh0
udwh uhjlph lq dq hfrqrp| lq zklfk wkhuh duh hlwkhu qr frqvwudlqwv rq wkh jryhuqphqw*v iruhljq
eruurzlqj ru qr frqvwudlqwv rq flwl}hqv* iruhljq eruurzlqj1
Fruroodu|= Dvvxph wkdw wkhuh lv qr vhsdudwh jryhuqphqw iruhljq eruurzlqj frqvwudlqw
;E7 _ ' 4 Jlyhq ec6fcK fc_ fcs fc@ f i+ |jdqg wkh vfdo srolf| i}|c|j
"
|’f c ghqh rf dv lq ohppd
51 Wkhq wkhuh h{lvwv dq htxloleulxp zlwk {hg h{fkdqjh udwhv li vfdo dqg prqhwdu| srolf|
vdwlvi| +6,1 Pruhryhu/ li zh dvvxph wkdw prqhwdu| dxwkrulwlhv fkrrvh K|n￿ dqg _|n￿ wr duelwudjh
dzd| dq| glhuhqfh ehwzhhq grphvwlf dqg zruog lqwhuhvw udwhv/ wkhq/ lq dq| htxloleulxp zlwk
d srolf| ri {hg h{fkdqjh udwhv/ wkh vfdo srolf| lq wkdw htxloleulxp vdwlvhv wkh vroyhqf|
frqvwudlqw +6,1 Vlploduo|/ li 7 @ ' 4c wkhq wkhuh h{lvwv dq htxloleulxp zlwk {hg h{fkdqjh udwhv
li dqg rqo| li vfdo srolf| vdwlvhv wkh vroyhqf| frqvwudlqw +6,1
Surri= Iluvw revhuyh wkdw li 7 _ ' 4 ru 7 @ ' 4c wkhq +7, sodfhv qr uhvwulfwlrqv rq
htxloleulxp doorfdwlrqv1 Lq wkh fdvh ri 7 _ ' 4c vlqfh flwl}hqv duh frqvwudlqhg lq wkhlu iruhljq
e r u u r z l q j /z hf d q q r wu x o hr x ww k hs r v v l e l o l w |w k d w^ |	^ W
| 'qiru vrph | xqohvv zh dvvxph
wkdw wkh prqhwdu| dxwkrulwlhv zrxog duelwudjh dzd| wkh glhuhqfh lq erqg sulfhv1 Lq wkh fdvh
ri 7 @ ' 4c flwl}hqv/ ehlqj xqfrqvwudlqhg lq wkhlu eruurzlqj/ duelwudjh dzd| dq| glhuhqfhv lq
grphvwlf dqg zruog lqwhuhvw udwhv/ vr ^| ' ^W
| ' q iru doo | Wkh uhpdlqghu ri wkh surri iroorzv
gluhfwo| iurp wkh sursrvlwlrq1
Wklv fruroodu| ghprqvwudwhv wkdw lqwhuqdwlrqdo eruurzlqj frqvwudlqwv duh uhohydqw iru
ghwhuplqlqj wkh ihdvlelolw| ri d {hg h{fkdqjh0udwh srolf| rqo| li erwk eruurzlqj frqvwudlqwv
h{lvw1 Li hlwkhu wkh jryhuqphqw ru flwl}hqv duh xqfrqvwudlqhg lq wkhlu iruhljq eruurzlqj/
wkhq wkh jryhuqphqw fdq pdlqwdlq dq| erxqghg sdwk iru uhvhuyhv wkdw lw olnhv dv orqj dv lwv
vfdo srolf| vdwlvhv +6,1 Wklv uhvxow lv suhvhqwhg lq Revwihog +4<;9, dqg hovhzkhuh1 Pruhryhu/
zlwkrxw erwk eruurzlqj frqvwudlqwv/ wkh wlplqj ri wudgh edodqfhv lv luuhohydqw iru wkh yldelolw|
ri {hg h{fkdqjh udwhv lq wklv hfrqrp|1 Doo wkdw lv uhtxluhg lv wkdw vfdo srolf| eh vhw vxfk
wkdw qr rqjrlqj vhljqrudjh lv uhtxluhg wr qdqfh vfdo ghflwv1
Wkh uhvxow wkdw rqjrlqj vhljqrudjh lv }hur lq d {hg h{fkdqjh0udwh uhjlph lv vshflf wr
wklv prgho1 Lq jhqhudo/ wkh grphvwlf jryhuqphqw hduqv vhljqrudjh hyhq lq d {hg h{fkdqjh0
udwh uhjlph1 Iru lqvwdqfh/ li zh zhuh wr dgg jurzwk lq zruog rxwsxw wr wklv prgho dqg
vhw zruog lqwhuhvw udwhv vr wkdw xqfrqvwudlqhg grphvwlf frqvxpswlrq juhz dw wkh jurzwk
udwh ri zruog rxwsxw/ wkhq wkhuh zrxog eh jurzwk lq prqh| ghpdqg dqg vhljqrudjh hyhq
lq d {hg h{fkdqjh0udwh uhjlph1 Wklv vhljqrudjh zrxog eh htxdo wr wkh jurzwk ri grphvwlf
frqvxpswlrq1 Lq wklv fdvh/ vfdo srolf| zrxog qhhg wr vdwlvi| rqo| wkh frqvwudlqw wkdw wd{hv
soxv wkh vhljqrudjh rewdlqhg xqghu {hg h{fkdqjh udwhv sd| iru jryhuqphqw h{shqglwxuh1
<Wklv lv wkh txdolwdwlyh wkhruhwlfdo uhvxow wkdw zrxog jhqhudol}h wr rwkhu prghov1
71 Dq H{dpsoh ri d Eruurzlqj0Frqvwudlqhg Htxloleulxp
L qw k l vv h f w l r qz hh { d p l q hw k he d o d q f hr is d | p h q w vl qd qh { d p s o hh f r q r p |l qz k l f kw k h
lqwhuqdwlrqdo eruurzlqj frqvwudlqwv elqg vr wkdw frqglwlrq +7, lq rxu sursrvlwlrq lv ylrodwhg1
Lq wklv h{dpsoh zh dvvxph wkdw wkh fhqwudo edqn pdlqwdlqv d {hg h{fkdqjh udwh dqg xvhv
lwv vwrfn ri uhvhuyhv wr shj grphvwlf lqwhuhvw udwhv wr zruog lqwhuhvw udwhv xqwlo wkh vwrfn ri
uhvhuyhv lv h{kdxvwhg1
Frqvlghu dq hfrqrp| zlwk wkh lqlwldo frqglwlrq Kfc_ f /s f /d q g@ f >z l w k+ |'+ f /i r u
|'f c c2 ccA( dqg zlwk +| ' +A iru | ' AcA ncAn2c/z k h u h+ A :+ f1O h wK f'f /
_ f's f' 7 _:f c@ f:7 @c dqg e| ' e iru doo | Lq vhwwlqj wkhvh lqlwldo frqglwlrqv/ zh lpsrvh
wkh uhvwulfwlrq wkdw wkh sxeolf vhfwru fdqqrw lqfuhdvh lwv jurvv iruhljq eruurzlqj/ dowkrxjk
lw vwloo kdv urrp wr ghfuhdvh lwv jurvv uhvhuyhv1 Wkh sulydwh vhfwru fdq lqfuhdvh lwv iruhljq
lqghewhgqhvv1 Jryhuqphqw vshqglqj lv frqvwdqw/ }| '7 }c dqg | ' }|  r| iru doo |/v rw k h
jryhuqphqw exgjhw edodqfhv shulrg0e|0shulrg1
Zh vroyh wklv h{dpsoh e| jxhvvlqj dq htxloleulxp doorfdwlrq1 Zh frqvwuxfw wkh sulfhv
wkdw vxssruw lw dqg wkh sdwkv iru wkh vfdo dqg zhdowk yduldeohv wkdw duh frqvlvwhqw zlwk lw1
Zh jxhvv wkdw wkh lqwhuqdwlrqdo eruurzlqj frqvwudlqwv erwk elqg lq shulrg A   dqg wkdw/
iurp shulrg A rq/ wkh flwl}hqv zloo fkrrvh d frqvwdqw frqvxpswlrq/ S| '	 S A iru |  A/z l w k
	 S A'E + A7 } E  qE7 _ n7 @   +8,
Wkh odvw whup lq wklv h{suhvvlrq lv wkh lqwhuhvw rq wkh iruhljq ghew1 Zh jxhvv wkdw uvw0shulrg
frqvxpswlrq lv Sf '4  ? E 	 S ￿ce6 fdqg wkdw S| '	 S ￿iru | ehwzhhq | 'dqg | ' A  /z l w k
	 S ￿'E + f} n
q
q
AE @ fne6f  	 Sfnq
A q
q
AE7 _n7 @   +9,
Qh{w zh jxhvv wkdw sulfhv ^| duh vxfk wkdw wkh krxvhkrog lv lqgxfhg wr frqvxph wkh
lqglfdwhg dprxqwv1 Vlqfh frqvxpswlrq lv frqvwdqw ehwzhhq shulrgv 4 dqg A   dqg iurp
shulrg A rq/ wkh sulfh ^| ' q dw wkrvh gdwhv1 Dw shulrg A  / wkh uvw0rughu frqglwlrqv




￿￿E￿ S￿￿ 1V l q f h	 S A: 	 S ￿ cwkhq ^A 	q cvr wkh uhdo lqwhuhvw udwh
ulvhv deryh wkh zruog lqwhuhvw udwh dw gdwh A  zkhq wkh lqwhuqdwlrqdo eruurzlqj frqvwudlqw
elqgv1
Jlyhq wkh {hg h{fkdqjh0udwh srolf|/ vhljqrudjh lv }hur dw doo gdwhv h{fhsw gdwh f zkhq
rf '	 S ￿ 4?Ee6fc	 S￿ dqg gdwh A zkhq rA3￿ '	 S A	 S ￿Wkh dvvxpswlrq ri d {hg h{fkdqjh
udwh dovr lpsolhv wkdw wkh grphvwlf sulfh ohyho lv frqvwdqw dqg wkdw grphvwlf qrplqdo lqwhuhvw
udwhv duh htxdo wr grphvwlf uhdo lqwhuhvw udwhv lq hyhu| shulrg1 Dw gdwh A  c lqwhuqdwlrqdo
lqwhuhvw udwh sdulw| grhv qrw krog1
Wr frpsohwh wkh ghvfulswlrq ri htxloleulxp/ zh frqvwuxfw sdwkv iru wkh ydulrxv dvvhwv/
K|n￿c@ |n￿c_ |n￿c dqg s|n￿1D i w h u s h u l r g A / uhvhuyhv dqg sxeolf dqg sulydwh iruhljq lqghewhg0
qhvv duh dw wkhlu olplw ydoxhv= f/ 7 _/d q g7 @ 1 Ehiruh shulrg A/ krzhyhu/ wkh sdwkv ri wkhvh
yduldeohv duh qrw xqltxho| ghwhuplqhg1 Lqvwhdg/ wkh sdwk ri wkh frxqwu|*v wrwdo lqwhuqdwlrqdo
lqghewhgqhvv E_|n￿ @|n￿  s|n￿ lv ghwhuplqhg e| wkh sdwk ri wkh wudgh edodqfh/ wkh sdwk ri
flwl}hqv* dvvhw kroglqjv E@|n￿ n K|n￿ lv ghwhuplqhg e| wkhlu exgjhw frqvwudlqw/ dqg wkh sdwk
ri jryhuqphqw ghew E_|n￿nK|n￿ s|n￿ lv jlyhq e| wkh jryhuqphqw*v exgjhw frqvwudlqw1 Wkxv
wkhuh lv d frqwlqxxp ri srvvleoh sdwkv ri iruhljq uhvhuyhv/ s|n￿c wkdw lv frqvlvwhqw zlwk htxl0
oleulxp1 Wkhvh sdwkv lqfoxgh rqh lq zklfk wkhuh lv d whpsrudu| lqfuhdvh ri iruhljq uhvhuyhv
qdqfhg rq wkh jryhuqphqw*v sduw e| lvvxlqj grphvwlf jryhuqphqw ghew1 Flwl}hqv lqfuhdvh
wkhlu iruhljq lqghewhgqhvv wr qdqfh wkhlu sxufkdvh ri wklv h{wud grphvwlf ghew1 Iru vlp0
solflw| lq frqvwuxfwlqj wklv h{dpsoh/ zh dvvxph wkdw wkh sulydwh vhfwru uvw uxqv grzq lwv
kroglqjv ri iruhljq dvvhwv xqwlo lw uhdfkhv wkh olplw 7 @> wkhq lw ehjlqv wr vhoo lwv kroglqjv ri lwv
jryhuqphqw ghew K|n￿ Wkh fhqwudo edqn xvhv lwv iruhljq h{fkdqjh uhvhuyhv wr sxufkdvh wklv
ghew1 Ri frxuvh/ lq shulrg A  / wkhvh uhvhuyhv duh h{kdxvwhg1
Lw lv vwudljkwiruzdug wr fkhfn wkdw wkh frqvwuxfwhg doorfdwlrq dqg dvvrfldwhg lqwhuhvw
udwhv dqg sdwkv iru dvvhwv frqvwlwxwh dq htxloleulxp= wkh doorfdwlrq vroyhv wkh pd{lpl}dwlrq
sureohp ri wkh djhqw dqg vdwlvhv wkh jryhuqphqw*v exgjhw frqvwudlqw1
Lq wklv h{dpsoh zh dvvxph wkdw wkh fhqwudo edqn h{shqgv lwv lqwhuqdwlrqdo uhvhuyhv dqg
nhhsv grphvwlf lqwhuhvw udwhv htxdo wr zruog lqwhuhvw udwhv xqwlo wkrvh uhvhuyhv duh h{kdxvwhg1
Dv dq dowhuqdwlyh srolf|/ wkh fhqwudo edqn pd| fkrrvh qrw wr vhoo lwv iruhljq h{fkdqjh uhvhuyhv1
Iru h{dpsoh/ d frxqwu| wkdw uxqv d fxuuhqf| erdug frpplwv lwv fhqwudo edqn qrw wr sxufkdvh
44jryhuqphqw ghew/ uhjdugohvv ri wkh ohyho ri grphvwlf lqwhuhvw udwhv1 Wkh frvwv iru wkh fhqwudo
edqn ri uhwdlqlqj lwv uhvhuyhv fdq eh xqghuvwrrg dv iroorzv1 Zkhq wkh lqwhuqdwlrqdo eruurzlqj
frqvwudlqwv elqg/ wkh fhqwudo edqn orvhv srwhqwldo uhyhqxh li lw krogv iruhljq h{fkdqjh uhvhuyhv/
ehfdxvh wkhvh uhvhuyhv sd| d orzhu lqwhuhvw udwh wkdq grhv grphvwlf jryhuqphqw ghew1 Wklv
orvv ri srwhqwldo uhyhqxh frxog eh odujh li grphvwlf uhdo udwhv ulvh vxevwdqwldoo| zkhq wkh
lqwhuqdwlrqdo eruurzlqj frqvwudlqwv elqg1 Flwl}hqv dovr sd| d sulfh iru wklv prqhwdu| srolf|1
Lq sduwlfxodu/ xqghu wklv srolf| frqvxpswlrq lv ohvv vprrwk wkdq li wkh fhqwudo edqn vrog lwv
uhvhuyhv1 Jlyhq wkh vwulfw frqfdylw| ri wkh xwlolw| ixqfwlrq/ lw iroorzv wkdw d srolf| ri pdlqwdlq0
lqj kljk ohyhov ri iruhljq h{fkdqjh uhvhuyhv lq wkh idfh ri elqglqj frqvwudlqwv rq lqwhuqdwlrqdo
ohqglqj kdv zhoiduh frvwv1 Zh gr qrw lqwhqg wr frqghpq fxuuhqf| erdugv ru vlploduo| wljkw
uhvhuyh srolflhv e| wklv dqdo|vlv1 Zh lqwhqg rqo| wr srlqw rxw wkh frvwv dvvrfldwhg zlwk vxfk
d srolf|1e
81 Gdwd Iurp Ph{lfr
Lq wklv vhfwlrq zh suhvhqw gdwd wr hvwdeolvk hljkw idfwv=
41 Ph{lfr h{shulhqfhg d vxevwdqwldo lqfuhdvh lq sulydwh vshqglqj dffrpsdqlhg e| odujh
wudgh ghflwv dqg fdslwdo lq rzv iurp 4<;; wkurxjk 4<<71
51 Wkh  rz ri sulydwh sruwirolr lqyhvwphqw lqwr Ph{lfr hqghg deuxswo| diwhu wkh uvw
txduwhu ri 4<<71
61 Ph{lfr*v wudgh ghflw iru wkh uhpdlqghu ri 4<<7 zdv qdqfhg odujho| e| wkh vdoh ri
lqwhuqdwlrqdo uhvhuyhv1
71 Dv wkh Edqfr gh Ph{lfr vrog uhvhuyhv gxulqj 4<<7/ lw lqfuhdvhg grphvwlf fuhglw wr
pdlqwdlq wkh prqhwdu| edvh1
81 Hduo| lq 4<<8/ uhdo lqwhuhvw udwhv lq Ph{lfr urvh vxevwdqwldoo|1
91 Ph{lfr*v wudgh edodqfh pryhg gudpdwlfdoo| iurp ghflwv lq 4<;; wkurxjk 4<<7 wr d
vxusoxv lq 4<<81
:1 E| 4<<7 wkh fxpxodwhg vwrfn ri iruhljq lqyhvwphqw lq Ph{lfr zdv odujh1
45;1 Ph{lfr h{shulhqfhg d vhyhuh uhfhvvlrq lq 4<<81
Idfw 4 lv grfxphqwhg lq wdeohv 4 dqg 51 Lq wdeoh 4/ zh vhh wkdw/ iurp 4<;: wr 4<<7/
Ph{lfr*v fxuuhqw dffrxqw uhodwlyh wr Jurvv Grphvwlf Surgxfw +JGS, pryhv iurp d vxusoxv
ri 5( ri JGS wr d ghflw htxdo wr ;( ri JGS1 Ryhu wkh vdph wlph shulrg/ jurvv lqyhvwphqw
ryhu JGS uhpdlqv urxjko| frqvwdqw/ ehwzhhq 53( dqg 55(/ dqg sxeolf vdylqj ydulhv lq wkh
qhljkerukrrg ri 8( wr :( ri JGS1 Sulydwh vdylqj/ krzhyhu/ gursv iurp d shdn ri 4<( ri
JGS lq 4<;; wr d orz ri <( ri JGS lq 4<<71 Wkxv/ vlpso| lq whupv ri dffrxqwlqj/ wkh
lqfuhdvh lq wkh fxuuhqw dffrxqw ghflw lv odujho| h{sodlqhg e| wkh gurs lq sulydwh vdylqj iurp
4<;; wkurxjk 4<<71 Wdeoh 5 uhlqirufhv wkh gdwd lq wdeoh 4> lw suhvhqwv wkh fxuuhqw dqg fdslwdo
dffrxqwv lq groodu whupv dqg grfxphqwv wkh frpsrvlwlrq ri wkh fdslwdo  rzv lqwr Ph{lfr1
Revhuyh wkdw qhw fdslwdo lq rzv wr wkh sxeolf vhfwru duh uhodwlyho| vpdoo/ h{fhsw lq 4<<61 Qhw
fdslwdo lq rzv wr wkh sulydwh vhfwru/ krzhyhu/ pdwfk ru h{fhhg wkh jurzlqj fxuuhqw dffrxqw
ghflw iurp 4<;< wkurxjk 4<<61 E| 4<<6 wkh pdmrulw| ri wkdw qhw fdslwdo lq rz wr wkh sulydwh
vhfwru lv sruwirolr lqyhvwphqw udwkhu wkdq gluhfw lqyhvwphqw1 Ryhu wkh vdph wlph shulrg wkh
fhqwudo edqn judgxdoo| dftxluhv dq dgglwlrqdo '53 eloolrq lq uhvhuyhv1
I d f w v5d q g6d u hg r f x p h q w h gl qw d e o h v5d q g6 1L qw d e o h5w k hq h w r zr is r u w i r o l r
lqyhvwphqw lqwr wkh sulydwh vhfwru gursv iurp '4; eloolrq lq 4<<6 wr '415 eloolrq lq 4<<71 Lq
4<<7 qhduo| wzr0wklugv ri wkh fxuuhqw dffrxqw ghflw ri '5< wr '63 eloolrq lv qdqfhg e| vhoolqj
wkh fhqwudo edqn*v iruhljq h{fkdqjh uhvhuyhv1 Wdeoh 6 suhvhqwv Ph{lfr*v edodqfh ri sd|phqwv
iru wkh |hdu 4<<6 dqg txduwhuo| iru wkh uvw txduwhu ri 4<<7 wkurxjk wkh vhfrqg txduwhu ri
4<<81 Wklv wdeoh glhuv iurp wdeoh 5/ lq sduw ehfdxvh lw uhyhdov pruh lqirupdwlrq derxw wkh
jurvv  rz ri fdslwdo erwk lqwr dqg rxw ri Ph{lfr1 Wdeoh 6 lqglfdwhv wkdw lqyhvwphqw lq wkh
Ph{lfdq vwrfn pdunhw dqg ordqv wr frpphufldo edqnv dqg wkh sulydwh vhfwru lq Ph{lfr gurs
r gudpdwlfdoo| ehjlqqlqj zlwk wkh vhfrqg txduwhu ri 4<<71 Wklv qdqflqj wrwdov urxjko| '63
eloolrq lq 4<<6 dqg wkh uvw txduwhu ri 4<<7 frpelqhg dqg rqo| '416 eloolrq ryhu wkh qh{w wkuhh
txduwhuv +4<<7T54<<7T7,1 Huuruv dqg rplvvlrqv dqg jurvv vdohv ri iruhljq dvvhwv duh qrw
xqxvxdoo| odujh ryhu wkh frxuvh ri 4<<7/ vr wkhuh grhv qrw vhhp wr eh hylghqfh ri vxevwdqwldo
xquhfrughg fdslwdo  ljkw1
Idfw 7 lv grfxphqwhg lq jxuh 4/ zklfk suhvhqwv gdwd rq Ph{lfr*v prqhwdu| edvh dqg
lwv frpsrqhqwvlqwhuqdwlrqdo uhvhuyhv dqg qhw grphvwlf fuhglwiurp 4<<6 wkurxjk 4<<81
46W k hw r so l q hl vu h v h u y h v /w k hp l g g o ho l q hl vw k hp r q h w d u |e d v h /d q gw k he r w w r po l q hl vq h w
grphvwlf fuhglw1 Iljxuh 4 lqglfdwhv wkdw wkh Ph{lfdq fhqwudo edqn iroorzv d srolf| ri vwhulol}lqj
wkh uhvhuyh orvv ryhu wklv wlph shulrg> wr nhhs wkh prqhwdu| edvh vwdeoh/ wkh fhqwudo edqn
dftxluhv qhw grphvwlf fuhglw dv lw orvhv uhvhuyhv1
Idfw 8 lv pruh gl!fxow wr grfxphqw/ vlqfh d uhdo ulvnohvv vhfxulw| lv qrw revhuyhg1 Wkh
glhuhqfh ehwzhhq Whvrerqr lqwhuhvw udwhv dqg X1V1 vkruw0whup lqwhuhvw udwhv zdv lq wkh udqjh
ri 5( wr 7( gxulqj prvw ri 4<<71 Lq wkh odvw zhhn ri 4<<7 lw urvh wr 8(> lw wkhq urvh wr
qhduo| 53( e| wkh hqg ri Mdqxdu| 4<<81D Vlqfh Whvrerqrv zhuh lqgh{hg wr wkh groodu/ wkh|
glg qrw kdyh wkh vdph ghydoxdwlrq ulvn dv Fhwhv/ dowkrxjk wkh| zhuh vxemhfw wr fxuuhqf| ulvnv
dvvrfldwhg zlwk gxdo h{fkdqjh udwhv ru rwkhu pdqlsxodwlrqv ri wkh lqgh{lqj vfkhph1
Idfw 9 lv grfxphqwhg lq jxuh 5/ zklfk vkrzv wkh gudpdwlf dgmxvwphqw ri wkh wudgh
edodqfh lqwr vxusoxv hduo| lq 4<<81 Wklv dgmxvwphqw dsshduv wr uxq frxqwhu wr dq| wuhqgv
h{klelwhg hduolhu e| wkh wudgh ghflw1 Lq wdeoh 6 zh vhh wkdw wkh fxuuhqw dffrxqw kdv d vlploduo|
gudpdwlf dgmxvwphqw iurp ghflw lq 4<<6 dqg 4<<7 wr qhdu edodqfh lq wkh uvw wzr txduwhuv
ri 4<<81
Wr grfxphqw idfw :/ zh frqvxow wzr vrxufhv rq wkh fxpxodwhg vwrfn ri iruhljq lqyhvw0
phqw lq Ph{lfr lq 4<<7= wkh Zruog Edqn*v Zruog Ghew Wdeohv +4<<8, dqg Ph{lfr*v edodqfh
ri sd|phqwv vwdwlvwlfv dv uhsruwhg lq LPI +4<<8e,1 Wkh Zruog Ghew Wdeohv +4<<8, gr qrw
udwh Ph{lfr dv d kljko| lqghewhg frxqwu|1 \hw wkhvh wdeohv duh qrw d frpsohwh dffrxqwlqj ri
iruhljq fdslwdo  rzv lqwr Ph{lfr1 Lq sduwlfxodu/ ryhu wkh wlph shulrg iurp 4<<3 wkurxjk 4<<6/
Ph{lfr*v edodqfh ri sd|phqwv vwdwlvwlfv lqglfdwh wkdw d wrwdo ri '<4 eloolrq lq fdslwdo  rzhg
lqwr Ph{lfr1S Ri wklv  rz/ '66 eloolrq lv uhfrughg lq wkh Zruog Ghew Wdeohv dv wkh qhw  rz
rq Ph{lfr*v wrwdo ghew1 Wkhvh wzr vrxufhv fdq eh uhfrqflohg lq wkdw wkh gdwd iurp wkh Zruog
Ghew Wdeohv gr qrw fryhu vrph ri wkh pdmru vrxufhv ri iruhljq lqyhvwphqw lq Ph{lfr1. Vrph
ri wkh pdmru lqyhvwphqw  rzv wkdw duh ohiw rxw duh iruhljqhuv* gluhfw lqyhvwphqwv lq Ph{lfr/
iruhljq lqyhvwphqwv lq Ph{lfr*v vwrfn pdunhw/ dqg wkh gluhfw sxufkdvh ri Ph{lfdq wuhdvxu|
vhfxulwlhv e| iruhljqhuv1 Edodqfh ri sd|phqwv dffrxqwv lqglfdwh wkdw gluhfw lqyhvwphqw iurp
4<<3 wkurxjk 4<<6 zdv '4919 eloolrq/ zkloh iruhljq lqyhvwphqw lq Ph{lfr*v vwrfn pdunhw zdv
'55 eloolrq1 Wkh LPI +4<<8e, lqglfdwhv wkdw iruhljqhuv* kroglqjv ri Ph{lfdq wuhdvxu| vhfxul0
wlhv wrwdohg '55 eloolrq lq Ghfhpehu 4<<71 Lw lv olnho| wkdw prvw ri wklv lqyhvwphqw rffxuuhg
47diwhu 4<<31 Dv qrwhg lq wdeoh 6/ gxulqj wkh uvw txduwhu ri 4<<7 Ph{lfr uhfhlyhg doprvw '43
eloolrq lq fdslwdo lq rzv1 Wkhvh gdwd duh qrw lqfrqvlvwhqw zlwk wkh k|srwkhvlv wkdw wkh udwlr
ri wkh fxpxodwhg vwrfn ri iruhljq lqyhvwphqw wr h{sruwv lq Ph{lfr zdv urxjko| 5:3( wr 643(
lq hduo| 4<<7/ ru urxjko| wkh vdph ohyho wkdw lw dwwdlqhg lq 4<;51 Lq fdofxodwlqj wkh udwlr ri
wkh fxpxodwhg vwrfn ri iruhljq lqyhvwphqw lq Ph{lfr wr JGS/ lw lv dovr lpsruwdqw wr qrwh wkdw
wkh groodu ydoxh ri Ph{lfr*v JGS zrxog fhuwdlqo| eh frqvlghudeo| orzhu lq 4<<8 wkdq lw zdv
lq 4<<6 ru 4<<71 Xvlqj d iruhfdvwH ri '599 eloolrq iru wkh groodu ydoxh ri Ph{lfr*v JGS lq 4<<8
dqg d suholplqdu| jxuh ri '465 eloolrq iru Ph{lfr*v wrwdo iruhljq ghewb lq 4<<7/ zh hvwlpdwh
d udwlr ri wrwdo ghew wr JGS ri 83(/ zklfk lv txlwh vlplodu wr wkh udwlr iru Ph{lfr lq 4<;5/
hyhq li zh gr qrw lqfoxgh rwkhu irupv ri sruwirolr lqyhvwphqw lq wkh ghew jxuh1 Li zh xvh
wkh odujhu jxuh ri '4;; eloolrq +lqfoxglqj lqyhvwphqwv qrw fryhuhg lq wkh Zruog Ghew Wdeohv
4<<8, iru wkh fxpxodwhg vwrfn ri iruhljq lqyhvwphqw lq Ph{lfr/ zh hvwlpdwh d ghew0wr0JGS
udwlr ri :4(/ zklfk lv zhoo lq h{fhvv ri wkh 4<;5 jxuh1
Ilqdoo|/ gdwd rq Ph{lfr*v JGS￿f lqglfdwh wkdw Ph{lfr h{shulhqfhg d vhyhuh uhfhvvlrq
lq 4<<81 Ph{lfr*v JGS iru wkh uvw wkuhh txduwhuv ri 4<<8 zdv urxjko| :( orzhu wkdq lwv
JGS iru wkh uvw wkuhh txduwhuv ri 4<<7/ zkloh sulydwh frqvxpswlrq zdv grzq urxjko| 46(
dfurvv wkhvh vdph wlph shulrgv1
Rxu h{dpsoh lq wkh suhylrxv vhfwlrq lv frqvlvwhqw zlwk wkh uvw vhyhq ri wkh hljkw
idfwv grfxphqwhg deryh1 Lq rxu h{dpsoh/ lqfuhdvhg sulydwh vshqglqj ohdgv wr wudgh ghflwv1
Hyhqwxdoo|/ wkh sulydwh vhfwru h{kdxvwv lwv delolw| wr eruurz iurp deurdg1 Lq dsso|lqj rxu
prgho wr Ph{lfr/ zh vxjjhvw wkdw wklv rffxuuhg hduo| lq 4<<71 Diwhu wklv srlqw/ zh vxjjhvw/
wkh sulydwh vhfwru qdqfhg lwv frqwlqxhg vshqglqj e| vhoolqj lwv kroglqjv ri grphvwlf dvvhwv1
Zkloh zh gr qrw kdyh edodqfh vkhhwv iru wkh sulydwh vhfwru wkdw uhfrug wkhvh vdohv/ wkh gdwd
lqglfdwh wkdw wkh frxqwu| dv d zkroh qdqfhg lwv frqwlqxhg vshqglqj e| vhoolqj lwv iruhljq
h{fkdqjh uhvhuyhv1 Lq rxu prgho/ rqfh wkh frxqwu| lv eruurzlqj0frqvwudlqhg/ wkh jryhuqphqw
pxvw fkrrvh hlwkhu wr udlvh uhdo lqwhuhvw udwhv wr pryh wkh wudgh edodqfh lqwr vxusoxv dqg vwhp
wkh orvv ri uhvhuyhv ru lqvwhdg wr doorz flwl}hqv wr vhoo wkhlu uhpdlqlqj kroglqjv ri jryhuqphqw
erqgv wr wkh fhqwudo edqn wr qdqfh frqwlqxhg h{shqglwxuh1 Zh prgho Ph{lfr*v jryhuqphqw
dv fkrrvlqj wkh vhfrqg rswlrq1 Wklv fkrlfh h{sodlqv wkh g|qdplfv ri wkh prqhwdu| edvh dqg
lwv frpsrqhqwv gxulqj 4<<7> wkh fkrlfh dovr vhuyhg wr krog grzq uhdo lqwhuhvw udwhv lq Ph{lfr/
48ghvslwh wkh gurs lq grphvwlf ghpdqg iru Ph{lfdq jryhuqphqw ghew eurxjkw derxw e| elqglqj
frqvwudlqwv rq sulydwh iruhljq eruurzlqj1 Hyhqwxdoo|/ frqwlqxhg wudgh ghflwv h{kdxvwhg erwk
wkh jryhuqphqw*v delolw| wr eruurz deurdg dqg wkh fhqwudo edqn*v vwrfn ri iruhljq h{fkdqjh
uhvhuyhv1 Dw wklv srlqw uhdo lqwhuhvw udwhv urvh dqg wkh wudgh edodqfh pryhg lqwr vxusoxv1
Rxu prgho surylghv qr h{sodqdwlrq iru idfw ;/ wkh uhfhvvlrq lq Ph{lfr vlqfh 4<<81
Pruhryhu/ wkh sdwk ri sulydwh frqvxpswlrq revhuyhg lq Ph{lfr dsshduv wr eh lqfrqvlvwhqw zlwk
rxu prgho1 Rxu prgho suhglfwv wkhuh vkrxog eh d ghfuhdvh lq wkh pdujlqdo xwlolw| ri fxuuhqw
frqvxpswlrq rqfh eruurzlqj frqvwudlqwv ehjlq wr elqg1 Wkxv/ jlyhq vwdqgdug dvvxpswlrqv
rq suhihuhqfhv/ djhqwv vkrxog qrw fkrrvh d sdwk iru frqvxpswlrq wkdw lv h{shfwhg wr gurs
zkhq wkh| ehfrph eruurzlqj0frqvwudlqhg1 Wklv lpsolfdwlrq ri rxu prgho vkrxog eh frpsduhg
wr gdwd rq sulydwh frqvxpswlrq ri qrqgxudeohv dqg vhuylfhv1 Zkloh zh gr qrw kdyh gdwd rq
frqvxpswlrq ri qrqgxudeohv dqg vhuylfhv lq Ph{lfr dv glvwlqfw iurp frqvxpswlrq ri gxudeohv/
zh lpdjlqh wkdw vxfk frqvxpswlrq pd| zhoo kdyh gursshg vxevwdqwldoo| lq 4<<81
Lq rxu prgho zh gr qrw glvwlqjxlvk ehwzhhq glhuhqw w|shv ri lqwhuqdwlrqdo fdslwdo
 rzv1 Lq sudfwlfh/ wkh frvwv wr d frxqwu| ri uhsxgldwlqj ru qdwlrqdol}lqj hlwkhu iruhljq lq0
yhvwphqw lq lwv vwrfn pdunhw ru iruhljq gluhfw lqyhvwphqw pxvw eh glhuhqw iurp wkh frvwv
ri uhsxgldwlqj edqn ordqv ru erqgv zulwwhq xqghu grphvwlf ru iruhljq odz1 Hyhqwv lq Ph{0
lfr vxjjhvw wkdw lw zdv wkh  rz ri sruwirolr lqyhvwphqw lq sduwlfxodu wkdw vwrsshg1 Srvlwlyh
 rzv ri gluhfw lqyhvwphqw lqwr Ph{lfr frqwlqxhg wkurxjk 4<<81 Lw lv lqwhuhvwlqj wr qrwh wkdw
srvlwlyh  rzv ri gluhfw iruhljq lqyhvwphqw lqwr Ph{lfr dovr frqwlqxhg wkurxjkrxw wkh 4<;3v1
Krzhyhu/ zh vshfxodwh wkdw lw zrxog kdyh ehhq frvwo| iru Ph{lfr wr lqgxfh d grxeolqj ru
wulsolqj ri wkh lq rz ri gluhfw iruhljq lqyhvwphqw lq 4<<7/ dv zrxog kdyh ehhq uhtxluhg wr
uhsodfh wkh sruwirolr lqyhvwphqw wkdw vwrsshg diwhu wkh uvw txduwhu ri wkdw |hdu1
91 Frqfoxvlrq
Zh kdyh suhvhqwhg d vlpsoh wkhruhwlfdo prgho ri wkh edodqfh ri sd|phqwv lq dq hfrqrp| lq
zklfk lqwhuqdwlrqdo fdslwdo  rzv duh frqvwudlqhg e| eruurzlqj olplwv1 Dv eduulhuv wr lqwhuqd0
wlrqdo fdslwdo  rzv kdyh idoohq gxulqj wkh odvw vhyhudo ghfdghv/ pdq| dqdo|vwv ri wkh edodqfh
ri sd|phqwv kdyh sxw dvlgh prghov wkdw lqfoxgh olplwv rq lqwhuqdwlrqdo fdslwdo  rzv lq idyru
ri wkrvh wkdw dvvxph iuhh lqwhuqdwlrqdo fdslwdo prelolw|1 Iru h{dpsoh/ prghov wkdw uho| rq lq0
49whuqdwlrqdo eruurzlqj frqvwudlqwv zrxog qrw vhhp wr eh sduwlfxoduo| xvhixo iru xqghuvwdqglqj
wkh uhfhqw vshfxodwlyh dwwdfnv rq Hxursh*v H{fkdqjh Udwh Phfkdqlvp1 Krzhyhu/ hyhqwv lq
Ph{lfr vxjjhvw wkdw d prgho zlwk eruurzlqj frqvwudlqwv pd| vwloo eh xvhixo iru xqghuvwdqglqj
edodqfh ri sd|phqwv sureohpv lq vrph fdvhv1
Pdq| prghov ri edodqfh ri sd|phqwv sureohpvlq sduwlfxodu/ prghov ri vshfxodwlyh
dwwdfnvdvvxph wkdw wkhuh lv vrph vwdwh ri qdwxuh lq zklfk wkh jryhuqphqw dedqgrqv lwv
h{fkdqjh0udwh wdujhwv dqg wkh uhvwulfwlrqv lpsolhg e| vxfk wdujhwv rq grphvwlf vfdo dqg
prqhwdu| srolf|1￿￿ Rxu prgho fohduo| ghprqvwudwhv wkdw d frxqwu| fdq h{shulhqfh edodqfh ri
sd|phqwv sureohpv hyhq li wkh jryhuqphqw lv frpplwwhg wr pdlqwdlqlqj vfdo dqg prqhwdu|
srolflhv wkdw duh frqvlvwhqw zlwk lwv h{fkdqjh0udwh wdujhwv lq hyhu| vwdwh ri qdwxuh1 Pruhryhu/
rxu prgho vxjjhvwv wkdw frxqwulhv xqghuwdnlqj lpsruwdqw srolf| uhirupv vkrxog dqwlflsdwh
e d o d q f hr is d | p h q w vs u r e o h p vl il q w h u q d w l r q d oe r u u r z l q jf r q v w u d l q w ve h j l qw re l q g 1J l y h qw k d w
wkh g|qdplfv ri Ph{lfr*v fdslwdo dffrxqw dqg wudgh edodqfh duh frqvlvwhqw zlwk wkh k|srwkhvlv
wkdw Ph{lfr kdg klw lwv lqwhuqdwlrqdo eruurzlqj frqvwudlqw hduo| lq 4<<7/ zh vxvshfw wkdw wkh
suhvvxuhv rq wkh Edqfr gh Ph{lfr wr vhoo lwv iruhljq h{fkdqjh uhvhuyhv pd| kdyh jrqh eh|rqg
lqyhvwruv* frqfhuqv ryhu Ph{lfr*v frpplwphqw wr lwv h{fkdqjh0udwh srolflhv1
4:Irrwqrwhv
￿Wklv dprxqw lv urxjko| 78( ri Ph{lfdq Jurvv Grphvwlf Surgxfw lq 4<<7 dw plg04<<7
h{fkdqjh udwhv1
2Zh lqwhusuhw wkh frqvwudlqwv rq lqwhuqdwlrqdo eruurzlqj lpsrvhg lq wklv sdshu dv dulv0
lqj iurp wkh ulvn wkdw wkh eruurzhu zloo qrw krqru klv frqwudfwxdo reoljdwlrq wr uhsd| klv
ghewv1
￿Hdwrq dqg Ihuqdqgh} +4<<8, surylgh d uhfhqw uhylhz ri wklv olwhudwxuh1 Ndohwvn| +4<;8,
dqg Doh{dqghu +4<;:, uhylhz wkh udqjh ri vdqfwlrqv wkdw lqwhuqdwlrqdo fuhglwruv kdyh dydlodeoh
iru hqiruflqj wkh uhsd|phqw ri lqwhuqdwlrqdo ghewv1
eLw lv fohdu wkdw lq wkhvh h{dpsohv zh gr qrw frqvlghu wkh srvvleoh ehqhfldo uroh d fxu0
uhqf| erdug ru d srolf| ri pdlqwdlqlqj kljk uhvhuyhv pljkw kdyh lq hvwdeolvklqj wkh fuhglelolw|
ri prqhwdu| dqg h{fkdqjh0udwh srolf|1
DWkhvh gdwd rq lqwhuhvw udwhv duh iurp Vdfkv/ Wruqhoo/ dqg Yhodvfr +4<<8,1
SWkh iroorzlqj gdwd rq fdslwdo  rzv lqwr Ph{lfr duh iurp wkh LPI Lqwhuqdwlrqdo Fdslwdo
Pdunhwv Uhsruw +4<<8e/ s1 86, dqg iurp wkh Zruog Edqn*v Zruog Ghew Wdeohv 4<<74<<81
Gdwd rq iruhljqhuv* kroglqjv ri Ph{lfdq wuhdvxu| vhfxulwlhv duh iurp wkh LPI Lqwhuqdwlrqdo
Fdslwdo Pdunhwv Uhsruw +4<<8e/ fkduw L143/ s1 95,1
.Wkh Zruog Ghew Wdeohv +4<<8, lqfoxgh rqo| ghew frqwudfwv qrw zulwwhq xqghu Ph{lfdq
odz1 Wkxv ghew frqwudfwv vxfk dv Fhwhv dqg Whvrerqrv duh ghqhg dv grphvwlf ghew/ hyhq li
khog e| iruhljqhuv1
HWklv iruhfdvw lv iurp wkh Hfrqrplvw/ Mxo| 4854/ 4<<8/ s1 <31
bWklv jxuh iru Ph{lfr*v wrwdo ghew dw wkh hqg ri 4<<7 lv iurp wkh Hfrqrplvw Lqwhooljhqfh
Xqlw*v Frxqwu| Uhsruw iru Ph{lfr/ 6ug txduwhu 4<<8/ s1 61 Wkh jxuhv lq wklv uhsruw iru wrwdo
4;ghew iru wkh |hduv 4<<34<<6 duh frqvlvwhqw zlwk wkrvh lq wkh Zruog Ghew Wdeohv +4<<8,1
￿fRxu gdwd rq Ph{lfr*v JGS dqg sulydwh h{shqglwxuh duh iurp wkh Lqvwlvwxwr Qdwlrqdo
gh Hvwdglvwlfd/ Jhrjudd h Lqirupdwlfd*v Vlvwhpd gh Fxhqwdv Qdflrqdohv gh Ph{lfr1
￿￿Vhh Djìqru dqg Iorrg +4<<7, iru d vxuyh|1
4<Uhihuhqfhv
Djìqru/ S1/ dqg U1 S1 Iorrg/ 4<<7/ Vshfxodwlyh Dwwdfnv dqg Edodqfh ri Sd|phqwv Fulvhv/
lq I1 ydq ghu Sorhj/ hg1/ Wkh Kdqgerrn ri Lqwhuqdwlrqdo Pdfurhfrqrplfv +Fdpeulgjh/
Pdvv1= Edvlo Eodfnzhoo,/ ss1 5575831
Doh{dqghu/ O1 V1/ 4<;:/ Wkuhh Hvvd|v rq Vryhuhljq Ghidxow dqg Lqwhuqdwlrqdo Ohqglqj/ Sk1G1
glvvhuwdwlrq/ \doh Xqlyhuvlw|1
Gruqexvfk/ U1/ dqg D1 Zhuqhu/ 4<<7/ Ph{lfr= Vwdelol}dwlrq/ Uhirup dqg Qr Jurzwk/ Eurrn0
lqjv Sdshuv rq Hfrqrplf Dfwlylw| 4/ 5866481
Hdwrq/ M1/ dqg U1 Ihuqdqgh}/ 4<<8/ Vryhuhljq Ghew/ lq J1 P1 Jurvvpdq dqg N1 V1 Urjr/
hgv1/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1 6 +Dpvwhugdp= Qruwk0Kroodqg,1
Lqwhuqdwlrqdo Prqhwdu| Ixqg/ 4<<8d/ Z r u o gH f r q r p l fR x w o r r n /P d | 1
Lqwhuqdwlrqdo Prqhwdu| Ixqg/ 4<<8e/ Lqwhuqdwlrqdo Fdslwdo Pdunhwv= Ghyhorsphqwv/ Survshfwv/
dqg Srolf| Lvvxhv/ Dxjxvw1
Ndohwvn|/ D1/ 4<;8/ Wkh Frvwv ri Ghidxow +Qhz \run= Sulrulw| Suhvv> D Wzhqwlhwk Fhqwxu|
Ixqg sdshu,1
Revwihog/ P1/ 4<;9/ Vshfxodwlyh Dwwdfn dqg wkh H{whuqdo Frqvwudlqw lq d Pd{lpl}lqj Prgho
ri wkh Edodqfh ri Sd|phqwv/ Fdqdgldq Mrxuqdo ri Hfrqrplfv 4</ 4551
Revwihog/ P1/ dqg N1 Urjr/ 4<<8/ Wkh Pludjh ri Il{hg H{fkdqjh Udwhv/ Mrxuqdo ri Hfr0
qrplf Shuvshfwlyhv </ :6<91
Uhehor/ V1/ dqg F1 Yìjk/ 4<<8/ Uhdo Hhfwv ri H{fkdqjh0Udwh0Edvhg Vwdelol}dwlrq= Dq
Dqdo|vlv ri Frpshwlqj Wkhrulhv/ lq E1 Ehuqdqnh dqg M1 Urwhpehuj/ hgv1/ QEHU Pdfur0
hfrqrplfv Dqqxdo 4<<8 +Fdpeulgjh/ Pdvv1= Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk,/
ss1 4584:61
Vdfkv/ M1/ D1 Wruqhoo/ dqg D1 Yhodvfr/ 4<<8/ Wkh Ph{lfdq Shvr Fulvlv= Vxgghq Ghdwk ru
Ghdwk IruhwrogB plphr/ Kduydug Xqlyhuvlw|1
53Zruog Edqn/ 4<<8/ Zruog Ghew Wdeohv 4<<74<<8= H{whuqdo Ilqdqfh iru Ghyhorslqj Frxq0
wulhv/ Zdvklqjwrq/ G1F1
54Wdeoh 4= Vdylqj/ Lqyhvwphqw/ dqg wkh Fxuuhqw Dffrxqw lq Shufhqwdjhv ri JGS
4<;: 4<;; 4<;< 4<<3 4<<4 4<<5 4<<6 4<<7
Qdwlrqdo Vdylqj 5419 4;15 4;18 4;1: 4:19 4913 4714 461:
Sulydwh Vdylqj 4716 4;1; 4914 4514 4313 ;1: ;1< <14
Sxeolf Vdylqj :16 3 1 :5 1 79 1 9: 1 9: 1 68 1 57 1 9
Jurvv Grp1 Lqyhvw1 4<16 5317 5417 541< 5517 551; 5319 5419
Fxuuhqw Dffrxqw 515 516 51< 615 71; 91; 917 ;13
Vrxufh= LPI +4<<8d/ s1 <5,1
Wdeoh 5= Ilqdqflqj ri wkh Fxuuhqw Dffrxqw lq Eloolrqv ri X1V1 Grooduv
4<;: 4<;; 4<;< 4<<3 4<<4 4<<5 4<<6 4<<7
Fxuuhqw Dffrxqw 51< 61; 914 :18 471< 571; 5617 5<18
Fdslwdo Dffrxqw 61; 51< 814 431< 5518 591: 6318 4419
ri Zklfk
Sxeolf Vhfwru Qhw 619 415 31: 315 613 418 :18 518
Sulydwh Vhfwru Qhw 315 714 81; 4414 4<18 5815 5613 <14
ri Zklfk
Gluhfw Lqyhvwphqw 41; 41: 51: 519 71; 717 71< :1<
Ohyho +Hqg0\u1 Jurvv,
Iru1 H{1 Uhvhuyhv ;13 913 918 4314 4:1< 4<17 5817 916
Vrxufh= LPI +4<<8d/ s1 <5,1
55Wdeoh 6= Ph{lfr*v Edodqfh ri Sd|phqwv 4<<64<<8T4 lq Eloolrqv ri X1V1 Grooduv
4<<6 <7T4 <7T5 <7T6 <7T7 <8T4 <8T5
Fxuuhqw Dffrxqw 5617 91: :14 :1: :16 414 318
Fdslwdo Dffrxqw 6519 <1< 314 71< 616 518 415
ri Zklfk
Ordqv wr Frpp1 Edqnv
dqg Sulydwh Vhfwru 4519 71; 316 31; 31: 519 418
Ordqv wr Sxeolf Vhfwru 418 416 316 318 316 <15 717
Gluhfw Lqyhvwphqw 717 41; 419 516 515 413 419
Vwrfn Pdunhw 431: 618 315 31: 317 314 314
Prqh| Pdunhw- :13 418 313 415 71: 71: 617
Vdohv ri Iru1 Dvvhwv-- 619 614 41; 31< 418 317 313
Huuruv dqg Rplvvlrqv 614 516 517 519 318 31: 417
Fkdqjh lq Lqwo1 Uvuyv1 914 31; <17 314 4314 31: 614
-Wkh prqh| pdunhw lv iru Ph{lfdq wuhdvxu| vhfxulwlhv1
--Plqxv vljqv khuh lqglfdwh Ph{lfdq dffxpxodwlrq ri iruhljq dvvhwv1
Vrxufh= Edqfr gh Ph{lfr/ Lqglfdgruhv Hfrqrplfr/ Vhswhpehu 4<<8/ Fxdgur LY04e1
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